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weigfit PBT resin, are imparted witfi excellent melt viscosity stability by the addition of certain phospfiorus- 
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The present invention relates to blends of low molecul2tr weight polybutylene terephthalate resins and 
high nwlecular weight polyester resins having improved melt viscosity stability. 

BACKGROUND OF THE PRESENT INVENTION 

Polyester resins derived from terephthalic acid and reactive derivatives thereof, such as dimethylene 
terephthalate, and alkane diols, e.g., of from 1 to 10 carbon atoms, e.g., ethylene glycol, and 1,4-butanediol, 
as well as related diols, such as 1,4-cyclohexane dimethanol, and mixtures of such resins have been known 
for some time and have become important constituents in injection moidable compositions. Workpieces 

10 molded from such polyester compositions, alone, or combined with relnforcments, offer a high degree of 
surface hardness and abrasion resistance, high gloss, and tower surface friction. 

Accordingiy, polyesters have found significant commerciai applications. Polyesters are eifectively used 
as an engineering plastic for electrical components, machines, cars, sporting goods, interior decorative 
goods and the like. For many of these applications it is desirable to employ a polyester resin having a 

IS relatively high molecular weight, i.e., having a melt viscosity of above about 600 poise as measured using a 
Tinlum Olsen melt indexer at 250* C. 0.042 Inch orifice (ASTM method D-1238); or having an Intrinsic 
viscosity of above about 0.6 decaliters/gram as measured using a 120-130 mg sample of polyester in a 3:2 
mixture of phenol/letrachloroethane and measuring the Ume of flow with a Ubbelohde capillary viscometer at 
25'C. 

20 However, a problem which many plastics operators have exprlenced with high molecular weight 
polyesters is the difficulty in processing the resins. In response thereto, a relatively low molecular weight 
PBT, less than about 600 poise, as measured using a Tinius Olsen melt indexer at 250* C, 0.042 inch 
orifice (ASTM method D-1238) has been added to the high molecular weight polyester to provide improved 
flow blends which still retain the excellent properties of the high molecular weight polyester. However, it has 

25 been found that while the blends of high molecular weight polyester and low molecular weight PBT initially 
exhibit a decrease in melt viscosity, the melt viscosity builds over time. See Figure 1 . Such a build up of 
viscosity of the blends limits the use of low molecular weight PBT in commercial applications. II would 
therefore represent a notable advance in the state of the art if a more stable high flow blend of a high 
molecular weight polyester and low molecular weight PBT could be found. 

30 Jacquiss et ai., United Steles Patent No. 4.532,^, teach stabilizing polycarbonate-polyester composi- 
tions against undesirable changes in melting point by adding monosodium phosphate and/or monopotas- 
sium phosphate to the compositions. Hepp, United States Patent No. 4,687,802, discloses that the arc b-ack 
rate of PBT resins can be improved by the addition of a metal salt to the PBT resin. 

However, none of the prtor art teachings suggests a method of preparing a stable high flow blend of a 

35 high molecular weight polyester and a low molecular weight PBT. Surprisingly, the present inventor has now 
found that if certain phosphorus-containing compounds are added to the blends of high molecular weight 
polyester and low molecular weight PBT, there is achieved a high flow blend having excellent melt stability. 

BRIEF DESCRIPTION OF THE DRAWNINGS 

40 

FIGURE 1 depicts in graphic form a comparison of a time sweep of the melt viscosity of an unstabilized 
blend of a high molecular weight PBT (1100 poise) resin and a low molecular weight (300 poise) PBT resin 
(Line A) against a time sweep of a high molecular weight PBT resin (Line B). 

RGURE 2 depicts in graphic fornn a comparison of time sweeps of blends of high molecular weight 
45 PBT and low molecular weight PBT with various additives from the data set forth in Table 1 hereinbelow. 

SUMMARY OF THE PRESENT INVENTION 



According to the present invention there is disclosed a ttiennoplastic resin blend comprising: (a) a 
so relatively low molecular weight polybutylene terepMhalate resin; (b) a relatively high molecular weight 

polyester resin; and (c) an effective melt viscosity stabilizing amount of (i) an acidic phosphate salt, (ii) an 
acid, alkyi, aryl or mixed phosphite having at least cms hydrogen or alky! group, (fii) a Group IB or IIB metal 
phosphate salt (iv) a phosphorous oxo acid or (v) a mixture of any of the foregoing. 

Also according to the present invention ttiere is provided a process for stabilizing the melt viscosity of a 
55 thermoplastic resin blend comprising a relatively low moleoilar weight PBT resin and a relatively high 
molecular weight polyester resin comprising adding to the blend an effective amount of a ^) an acidte 
phosphate salt, (ii) an acid, alkyI, aryl or mixed phosphite having at least one hydrogen or alkyI group, (ill) a 
Group IB or tIB metel phosphate salt (iv) a phosphorous oxo acid or (v) a mixture of any of the foregoing. 
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DETAILED DESCRiPTlON OF THE PRESENT INVENTION 



The iow moiecular weight poiybutyiene terephthalate (PBT) useful in the practice of the present 
invention is a PBT resin having a melt viscosity of less than 600 poise, more preferably less than about 450 
5 poise, and most preferably less than about 300 poise. 

The high molecular weight polyester resins useful in the practice of the present invention are pdyester 
resins having a melt viscosity above about 600 poise, more preferably above about 900 poise, and most 
preferably above about 1100 poise. Prefen-ed as the high molecular weight polyester resins are high 
molecular weight poiybutyiene terephthalate, polyethylene terephthalate and polycyclohexane dimethyiene 
10 terephth^te. 

The low molecular weight poiybutyiene teref^thalate resin employed in the present invention is 
typically one obtained by polymerizing a glycol component at least 70 n\o\ %, preferably at least 80 mol %, 
of which comprises a tetramethylene glycol; and an acid component at least 70 moi %, preferably at least 
80 mol %, of which comprises terephthalic acid, and polyester-forming derivatives thereof. Particularly 
75 useful is poly(1 ,4-butylene terephthal^e). 

Preferably, the glycol does not contain more than 30 mol %, more preferably not more than 20 mol %, 
of another glycol, such as ethylene glycol, trimethylene glycol, 2-methyl-1,3-propane glycol, hexamethylene 
glycol, decamethylene glycol, cyclohexane dimethanol, or neopentylene glycol. Examples of other 
copolycondensabie polyols include 1 ,3-propylene glycol, pentaerythritol, 1 ,6-hexanedio!, polyethylene glycol 
20 and polytetramethylene glyccd. 

Preferably the acid component contains not more than 30 moi %, more preferably not more than 20 
mol %, of another acid such as isophthalic acid, 2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarbox- 
ylic acid, LS-naphthalenedicarboxylic acid, 4,4'-diphenyldicarboxylic add, 4,4'-diphenoxyethanedicarboxylic 
acid, p-hydroxy benzoic acid, sebadc acid, adipic add and polyester4orming derivatives thereof. Examples 
25 of other copolycondensabie polycarboxylic acids include azelaic add, dodecane dicarboxylic acid, trimellitic 
acid, trimesic acid and hexahydroterephthalic add. 

The low molecular weight PBT resins can be prepared according to methods known to those of 
ordinary skill in the art, or they may he obtained commercially: Low molecular weight PBT is VALOX* 195 
having a melt viscosity of about 300 poise from General Electric Company. 
30 The high molecular weight polyester resins are those which are prepared in similar manner to the low 
molecular weight PBT, i.e., by polymerizing a glycol ccmponent and an add component. Typically they are 
derived from an aliphatic or cycloaliphatic did, or mixtures thereof, containing from 2 to about 10 carbon 
atoms and at least me aromatic dicarboxylic acid. Preferred polyesters are derived from an aliphatic diol 
and an aromatic dicarboxylic acid and have repeating units of the following general fonnnula : 




wherein n is an integer of from 2 to 6. The most prefenred polyesters are po!y(8thyiene terephthalate), poly- 
(1 ,4-butylene terephthalate) and mixtures thereof. 
4s Also contemplated for use herein as the high mdecular weight polyesters, are the above polyesters 
with minor amounts, e.g., from 0.5 to about 5 percent by weight, of units derived from aliphatic acids and/or 
aliphatic polyols to form copolyesters. The aliphatic polyols indude glycols, such as poiy{ethy!ene glycol). 
All such pdyesters can be made following the teachings of, for example. United States Patent Nos. 
2,465,319 and 3,047,539. 

so Also useful as the high molecular weight pdyesters are ^ose derived from a cydoaliphatic diol and an 
aromatic dicarboxylic add and which are prepared, for example, by condensing either the cis- or 
transisomer (or mixtures thereof) of, for example, 1 ,4-cyciohexanedimethand with an aromatic dicarboxylic 
add so as to produce a polyester having recurring units of the following fonnula: 

55 
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wherein the cyctohexane ring is selected front) the cis-and trans- isomers thereof and R represents an aryl 

radical containing from 6 to about 20 cartmn atoms and which is the decartxjxylatsd residue derived from 

an aromatic dicarboxylic acid. 
10 Examples of aromatic dicarboxylic acids represertted by the decarboxylated residue R are isophthatic or 

terephthalic acid, 1 ,2-di-(p-carboxyph6nyl )ethane. 4,4'-dicarboxydiphenyl ether, etc., and mixtures of these. 

All of these acids contain at least one aromatic nucleus. Acids containing fused rings can also be present, 

such as in 1,4- or 1 .S-naphthalenedicarboxylic acids. The preferred dicarboxylic acids are terephthalic acid 

or a mixture of terephthalic and isophthalic acids. 
15 Another useful high molecular weight polyester may be derived from the reaction of either the cis- or 

trans- isomer (or a mixture thereof) of 1.4H:yclohexanedimethanol with a mixture of isophthalic and 

terephthalic acids. Such a polyester would have repeating units of the formula : 

2S 

Still another useful high molecular weight polyester is a copolyester derived from a cyclohex- 
anedimethanol, an alkylene glycol and an aromatic dicarboxylic acid. These copoiyesters are prepared by 
condensing either the cis- or trans- isomer (or mixture thereof) of, for example, 1,4-cyclohexanedimethanol 
and an alkylene glycol with an aromatic dicarboxylic acid so as to produce a copolyester having units of the 



) — CHj ^ ^ CHj- 0 — C — 1 



-fo —tca^iz 0 - c — R - cv- 



wherein the cyclohexane ring is selected from the cis- and trans- isomers thereof, R is as previously 
defined, n is an integer of 2 to 6, the x units comprise from about 10 to about 90 percent by weight and the 
y units comprise from about 90 to about 10 percent by weight. 

Such copoiyesters may be derived from the reaction of either the cis- or trans- isomer (or mixtures 
thereof) of 1,4-cyclohexanedimethanol and ethylene glycol with terephthalic add in a molar ratio of 1:2:3. 
These copoiyesters have repeating units of the following tbmnulae : 



0 /=\ o 
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wherein x and y are as previously defined. 

The high molecular weight polyesters described herein are either comnftercially available or can be 
produced by following methods well known in the art, such as those set forth in, for example, United States 
Patent Nos. 2,901.466, 2,465,319 and 3,047,539. 

s Particuiaiiy suitable for practice of the present invention is high molecular weight PBT, which is sold 
commercially as VALOX» 295 (melt viscosity of about 1 100 poise) or VALOX« 315 (melt viscosity of about 
8500 poise), both available from General Electric Company. 

The PBT blend can comprise the tow molecular weight PBT resin in amounts ranging from about 5 to 
about 95, preferably from about 20 to about 80, more preferably from about 30 to about 70 and most 

to preferably from about 40 to about 60 parts by weight based on 100 total parts by weight of the low 
molecular weight PBT and high molecular weight polyester resins taken together. Accordingly, the PBT 
blend comprises the high molecular weight polyester resin in amounts ranging from about 85 to about 5, 
preferably from about 90 to about 10, more preferably from about 70 to about 30 and most preferably from 
about 60 to about 40, parts by weight based on 100 total parts by weight of the low molecular weight PBT 

75 and high molecular weight polyester resins taken together. 

The phosphorus-contiuning stabilizers of the present invention may comprise (i) acidic phosphate salts 
such as monozinc phosphates, sodium dihydrogen phosphate, potassium hydrogen phosphate, calcium 
hydrogen phosphate, sodium acid pyrophosphate and mixtures thereof. It has also been found that certain 
phosphite compounds (ii) may also be used in the practice of the present invention, e.g., those of tti© 

20 general formula P-{0R')3 wherein each R' is the same or different and independently represents hydrogen, 
alkyi groups, aryl groups or any mixture thereof provided that at least one of the R' groups is hydrogen or 
alkyl. Illustratively, these include, but are not limited to, diphenylisodecyl phosphite, diisooctyl phosphite, 
dilauryl phosf^lte, diphenyl phosphite, phenyl dilsodecyl phosphite, ethyl hexyl diphenyl phosphite, stearyl 
phosphite and mixtures thereof. The phosphorus-contaning stabilizers may also comprise (iii) Group IB or 

25 Group IIB phosphate salts such as zinc phosphate or (iv) phosphorous oxo acids such as phosphorous acid, 
phosphoric acid, polyphosphoric add, or hypophosphorous acid. 

Preferred are phosphorus-containing compounds selected from zinc phosptiate, diphenylisodecyl 
phosphils, monosodium phosphate and sodium acid pyrophosphate and mixtures thereof. Most preferred is 
zinc phosphate. 

30 The prfiosphorus-containing compounds are generally employed in the compositions of the present 
invention in amounts ranging from about 0.1 to about 10, preferably from about 0.1 to about 5, more 
preferably from about 0.1 to about 2 and most preferably from about 0.2 to about 1. weight percent based 
on the weight of the total compo^b'on. 

The compositions of the present invention may also comprise other thermoplastic resins which are 

3S conventionally added to polyester resins. These may include resins such as polycarbonates, polyestercar- 
bonates, polyarylates and mixtures thereof. 

In other embodiments of the present invention, the compositions can further comprise impact modifiers. 
Particularly useful impact modifiers generally comprise rubbery impact modifiers. These are well known to 
those skilled in ^e art, and any of them normally employed with polyester resins may be employed herein. 

40 The preferred impact modifiers generally comprise an acrylic or methacrylic grafted polymer of a 
conjugated diene or an acrylate elastomer, atone, or copoiymerized with a vinyl aromatic compound. 
Particularly useful are the core-shell polymers of the type available from Rohm & Haas, for example, those 
sold under the tratie designatiors Acryloid®. in general these impact modifiers contain units derived from 
butadiene or isoprene, alone or in combination with a vinyl aromatic compound, or butyl acrylate, alone or 

45 in combination with a vinyl aromatic compound. The aforementioned impact modifiers are believed to be 
disclosed in Fromuth et al.. United States Patent No. 4,180,494; Owens, United States Patent No. 3,808,180; 
Farnham et al.. United States Patent No. 4,096,202; and Cohen et al., United States Patent No. 4,260,693. 
Most preferably, the impact modifier will comprise a two stage polymer hawng either a butadiene or butyl 
acrylate based rubbery core and a second stege polymerized from methylmethacryiate atone, or in 

50 combination virith styrene. Aiso present in the first stage are crosslinking and/or graftllnking monomers. 
Examples of the crosslinking moncmers include 1,3-butylene diacrylate, divinyl benzene and butylene 
dimethacrylate. Examples of graftRnking monomers are allyl acrylate, allyl methacrylate and diallyl maleate. 

Additional preferred impact modifiers are of the type disclosed in United States Patent No. 4,292,233. 
These impact modifiers comprise, generally, a relatively high content of a cross-linked butadiene polymer 

55 grafted base having grafted thereon acrylonitriie and styrene. 

Other suitable impact modifiers include, but are not limited to ethylene vinyl acetate, ethylene 
ethylacrylate copolymers, SEES (styrene ethylene-butyiene styrene) and SBS (styrene-butadiene-styrene) 
block copolymers, EPDM (ethylene propylene diene monomer) and EPR (ethylene propylene rubber) 
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copolymers, etc. Aii of these are well known to those skilled in the art and are aveulable commercially. 
The compositions of the present invention may further contain one or more reinforcing agents including 

glass fibers. Typical reinforcing agents useful in the practice of the present invention include, tiut are not 

limited to, glass fiber, talc, mica, clay or combinations thereof, 
s The filamentous glass which may be employed as a reinforcing agent in the present compositions is 

well known to those skilled In the art and is widely availiable from a number of manufacturers. For 

compositions to be employed for electrical uses, it is preferred to use fibrous glass filaments comprised of 

lime-aluminum borosilicate glass that is relatively soda-free. This is more commonly l<nown as "E" glass. 

However, other glasses are useful where electrical propeties are not so important, e.g., the low soda glass 
10 known as "C" glass. The filaments are made by standard processes, e.g., by steam or air blowing, flame 

blowing and mechanical pulling. The filament diameters generally range from about 0.00012 to 0.00075 

inches but this is not critical to the present invention. 

Further, the glass fibers useful in the practice of the present invention may also be treated with 

functionalized silicon compounds to improve interaction witfi the polymer matrix, as is well known to those 
75 skilled in the art. Functionaiized silanes, especially alkoxy silanes may be useful in this regard. Illustratively 

these include, but are not limited to, aminopropyl triethoxy silane, glycidyl propyl trimethoxy silane, (3,4- 

epoxy cyclohexyl) ethyl triethoxy silane, mercaptopropyl silane, aminoethyl aminopropyl alkoxy silane, 

ureido-alkyi trialkoxy silane and mixtures of any of the foregoing. 

The length of the glass filaments and whether or not they are bundled into fibers and the fibers bundled 
20 in turn to yams, ropes or rovings, or woven into mats and the like are also not critical to the present 

invention. However, in preparing molding compositions it is convenient to use the filamentous glass in the 

form of chopped strands of from about 0.0125 to about 2 inches long. In articles molded from the 

compositions on the other hand, even shorter lengths will be encountered due to fragmentation during 

compounding. 

2S In general, the filamentous glass reinforcement comprises from about 2.5 to about 60% by weight 
based on the total weight of the compositions of the present Invention. It is more prefen-ed that the glass 
comprise from about 5 to about 55 and most prefen-ed from about 20 to about 40% by weight of the total 
weight of the composition. 

The present invention may further comprise a flame retardant compound. Any of the conventional 

30 halogenated aromatic flame retardants such as decabromodiphenyl ether, brominated phthalimkJes, 
brominated polyphenylene ethers, bromine containing polyacrylates or methacrylates, i.e., polypen- 
tabromobenzyl acrylate and/or brominated styrene polymers can be employed in the present Invention. 
These are well known to those skilled in the art and are described in the patent literature. Preferred are 
derivatives of tetrabromo bisphenol A, such as its polycarbonate polymer or the polymer of its adduct with 

35 epichlorohydrin (brominated phenoxy resin). They may be used alone, or in conjunction with a synergist, 
particularly inorganic or organic antimony compounds. Such compounds are widely available or can be 
made in known ways. Especially preferred is antimony oxide. 

Rame retardant embodiments of the present invention may further comprise a drip retardant agent to 
prevent dripping during burning. Such compounds are well known to those skilled in the art and include, but 

40 are not limited to, various fluorinated polyolefins. Particularly useful is polyteta^fluoroethylene (PTFE). See, 
e,g., Wambach, United States Patent No. 3,671.487. 

The compositions of the present invention can also comprise a wkle variety of other additives, such as 
UV stabilizers, pigments, colorants, fillers, plasticizers, processing aids, antioxidants and the like. Such 
components are added in effective amounts to impart the desired properties on the compositions of the 

45 present invention for the specific application. 

The method of blending the compositions of the present invention is not critical and can be carried out 
by conventional melt processing techniques. One convenient method comprises blending the PBT resins 
and other ingredients in powder or granular form, extruding the blend and comminuting into pellets or other 
suitable shapes. The ingredients are combined in any usual manner, e.g., by dry mixing or by mixing in the 

50 metfed state in an exbuder, on a heated mill or in other mixers. 

An alternative mettiod of blending can comprise preparing a preblend of the polyesters and ^en adding 
the other ingredients to the preblend. For example, a preblend of Bie PBT resins and stabilizer can be fed 
into the upstream port of an extruder with addition of the ott>er ingredients such as glass fibers in a 
downstream port of the extruder. 

ss In another embodiment, die various compounds can be precompounded, p^ietized and then molded. 
Precompounding can be carried out in conventional equipment. For example, a dry blend of the ingredients 
can be fed into a single screw extnider, tiie screw having a long transition section to insure proper melting. 
Alternatively, a twin screw extrusion machine can be fed with the resins and ottier additives at the feed port 
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and reinforcements fed downstream. In either case, a generally suitable machine temperature will be from 
about 450 • to about 575 ' F. 

The precompounded composition can be extruded and cut or chopped into molding compounds, such 
as conventional granules, pellets, etc. by standard techniques. 

The compositions can be molded in any equipment conventionally used for thennoplastic compositions. 
For example, good results wHI be obtained in an injection molding machine, witti conventional cylinder 
temperatures, e.g., 500 "F, and conventional nwld temperatures, e.g., 150'F. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples are presented in order to illustrate the present invention. They are not to be 
construed to limit the scope of the appended claims in any manner whatsoever. 

EXAMPLES 1-3 

The following examples demonstrate the use of various stabilizers in a polyester resin blend. The 
blends are prepared by tumble blending the ingredients (parte by weight), extruding in a 2.5 inch vented 
single screw extruder with a melt temperature of 500 to 530 *F. They are dried and molded on an 80 ton 
Van Dorn injection molding machine at a temperature of 500 'C, and a mold temperature of 150*C. 
Kayness® melt viscosity is measured by predrying the sample for 1 hour in a circulating oven at 150 *C 
and using a Kayness, Galaxy V capillary rheometer with a mett temperature of 250 'C, melt force of 150 
lbs, and a shear rate of 400 sec"'. Parallel plate rheology is measured using a Gotttert« 2001 rheometer 
with a parallel plate radius of 12.5 mm, a gap of 1.0 mm and a melt temperature of 250*C with a 15% 
strain. The results along with compositional date are set forth below in Tabte 1. 
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TABLE 1 



Example 


1A* 


1 


2 


3 


Composition, pbw 










PBT 295« 


40 


40 


40 


40 


PBT 195" 


15 


15 


15 


15 


Glass fibers* 


30 


30 


30 


30 


FRC" 


13.2 


13.2 


13.2 


13.2 


PTFP 


1.25 


1.25 


1.25 


1.25 


Irganox 1076' 


0.15 


0.15 


0.15 


0.15 












DPDP" 




0.2 






ZnP" 






0.2 




SAPPl 








0.2 


Properties 










Viscosity, poise'' Rheology 










1 mirwte 


5434 


4509 


4201 


5434 


15 minutes 


7647 




6325 


6375 


% increase 


41 


47 


51 


17 


30 minutes 


14610 


7423 


7099 


12450 


% increase 


169 


64 


69 


129 



* = Comparative Example 

" = Valox* 295, General Electric Company, 1100 poise 

" = Valox • 195, General Electric Company, 300 poise 

° - OCF 183E, K filament glass, Owens Corning Rberglass 

" » Flame retardant concentrate of brominated polycarbonate, antimony oxide, and a 

polymer binder 

' = Polytetrafluoroethyiene resin dispersion 

' = Antioxidant, Ciba-Geigy Company 

" = Pentaerythritol tetrastearate 

" - Diphenylisodecyl phosphite, QE Specialty Chemical 

' = Zinc phosphate, Alfa Chemic^ Company 

J = Sodium acid pyrophosphate 

" = Measured by parallel plate rheology at2S0*C 



A time sweep of the melt viscosity for the above examples is shown in Figure 2. It can be seen that the 
compositions stabilized with DPDP, ZnP and SAPP exhibit significantly improved melt viscosity stability 
over the control example. 

EXAMPLES 4-5 

The procedure of Example 1 is generally followed to illustrate the effectiveness of zinc phos(^ate as a 
melt stabilizer in polyester blends. The reailts, along with compositional data are set forth in Table 2 below. 
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TABLE 2 



^^"""^ 






5A* 


5 


Composition^ pbw 










PBT 195* 


50 


48.8 


50 


49.8 


PBT 295" 


50 


49.8 


- 


- 


PBT 315"= 






50 


49.8 






0.4 




0.4 


Properties 










Viscosity, poise Kayeness* 










T5' 


547 


577 


1518 


1662 


T10« 


528 


544 


1303 


1439 


Riieology*' 










1 minute 


581 


610 


1589 


1868 


15 minute 


756 


676 


1554 


1530 


% Increase 


30 


10.8 


-2 


-18 


30 minute 


1109 


874 


1891 


1634 


% increase 


91 


43 


19 


-12.5 



* = Comparative example 

• = Valox® 195, General Electric Company. 300 poise 
" = Valox® 295, General Electric Company, 1100 poise 
" = Valox® 315, General Electric Company, 8500 poise 
" = Zinc phosphate, Zn3{P0*)2»2H2O, Alpha Chem. Co. 
« = at 250 • C, poise 

' = dwell time, 5 minutes 
8 = dwell time, 10 minutes 

*' = Parallel plate rheology, viscosity vs. time at 250* C poise, % viscosity 
increase from 1 minute 



3S It can be seen from the data in Table 2 that zinc phosphate prevents build up of melt viscosity in the 
polyester blends, exhibiting a significant improvement in maintaining a consistent melt viscosity over time. 

EXAMPLES 

40 The procedure of Example 1 is fbltowed to compare the effectiveness of zinc phosphate stabilizer over 
ottter stabilizers. The results, along with compositional data are set fbrtii below in Table 3. 
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TABLE 3 



Example 


6A' 


6B" 


ec- 


6 


Composition, pbw 










PBT 295" 


40.2 


40.2 


40.2 


40.2 


PBT195'' 


15.0 


15.0 


15.0 


15.0 


Glass Fibers^ 


30.0 


30.0 


30.0 


30.0 












PTFE» 


1.25 


1.25 


1.25 


1.25 


irganox 1076' 


0.15 


0.15 


0.15 


0.15 


PE-18» 


0.20 


0.20 


0.20 


0.20 


Irgaios 168' 




0.20 




„ 


TPPP' 




- 


0.20 


-■ 


ZnPi 








0.20 


Properties 










Viscosity, poise Kayeness'' 










T5' 


2995 


3290 


3380 


2200 


TIG™ 


3311 


4144 


3411 


2149 


Rhedogy", poise 










1 min 


5183 


4636 


4414 


4044 


ISmin 


10910 


7112 


7718 


5165 


%<> 


110 


53.4 


75 


28 


30 min 


11840 


9853 


8445 


5644 


%o 


128 


112 


91 


40 



" = Comparative Example 

* - Valox® 295, General Bectric Company, 1100 poise 
" - Valox® 195. General Electric Company, 300 poise 

" - OCF 183E, K filament glass, Owens Corning Rberglass 
" - Flame retardant concentrate, PPG Industries 

* = Polytetrafiuoroethyiene concentrate 
' = Antioxidant, CVoa Geigy Company 

0 = Pentaerythritoltetrastearate 

" = Tris(2.4-di-t-biitylphenyl)phosphite, Ciba Geigy Co. 

' = Tetrapotassium pyrophosphate 

' = Zinc phospliafe, Zn3(PO*fe"2HzO, Alpha Chem. Co. 

= at 250 'C, poise 
' = dwell time, 5 minutes 

= dwell tin>e, 10 minutes 
" = Parallel plate rheology, viscosity vs. time at 250* C 
» = % viscosity increase from 1 minute 



Table 3 above clearly demonstrates the improvements in melt viscosity stability obtained with the 
stabilizers of the present invention. The parallel plate rheology shows a 100% increase in melt viscosity in 
compositions stabilized with other phosphorus-containing additives. Examples 6A'-6C*, while the composi- 
50 tion stebifized according to the present invention exhibits less than 50% increase in melt viscosity. Further, 
the Kayeness data highlights the viscosity increases for the compositions containing other phosphorus- 
containing additives. 

iXAMPLiT 

5S 

The procedure of Example 1 is generally followed to observe the melt viscosity stability of unfilled 
polyester blends with various stabilizers. The results, along with compositional data are set forth below in 
Table 4. 
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TABLE 4 



Ex3fnpi6 








Cofnpositlofif pbw 








PBT 295° 


50.D 


49.8 


48.8 


PBT 195'' 


50.0 


49.8 


49.8 


Irgafos® 168*^ 


- 


0.4 


- 


ZnP"* 






0.4 


Properties 








Viscosity, poise Kayeness' 








T5' 




544 


577 


T10« 


513 


508 


544 


Rheology" 








1 min 


607 


590 


610 


15min 


828 


812 


676 


%' 


36 


38 


11 


30 mm 


1197 


1114 


874 


%' 


97 


89 


43 



' = Comparative Example 

* = Valox® 295, General Electric Company, 1100 poise 
" = Valox® 195, General Electric Company, 300 poise 
= = Tris(2,4-di-t-butylphenyl)phosphite, Ciba Geigy Co. 

" = Zinc phosphate, 2n9{PO«)2»2H20. Alpha Chem. Co. 

* = at 250 'C, poise 

' = dwell time, 5 minutes 
» = dwell time, 10 minutes 

" ~ Parallel plate rheotogy, viscosity vs. time at 250 ' C 
' = % viscosity increase from 1 minute 



ss The data in Table 4 demonstrates the significant improvements obtained according Id the present 

invention in unfilled PBT blends. 

EXAMPLES 8-13 

40 The procedure of Example 1 is generally followed, except employing further stabilizers. The resute, 
^ng with compositional data are set forth below in Table 5. 



11 



EP 0 604 074 A1 



-t <pin<H o « 
o « o 



n c 

81 



9 *J- 

'^Mb|-'»».A^IO SCO 

e o o a e i 
« »^ » M ■ e B 

— ® >i 0 » o a 
N « *j ajs in -» *. 
~- - ^ ^ " 

Q,^ g © ® c 

0 « -H O "H -H - 

o ae oo 
c 9 a m -I ^ 

UN II H U « II H II II 



c 'Q e 

M CO S « 



The data in Table 5 show the improvements In melt viscosity stability provided by compositions of tti 
55 present Invention. 
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EXAMPLES 14-19 



The procedure of Example 1 is generally followed, except employing b 
weight PBT with polycarbonate in a non-flame retardant system. The results, al 
are set forth below in Table 6. 
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The above-mentioned patents and test methods are all hereby incorporated by reference. 
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Many variations of the present inventfon wit) suggest themselves to those of ordinary skill in the art in 
light of the above-detailed description. Conventional additives such as clay, mica, pigments and colorants 
can be added in coriventional amounts. Other phosphite stabilizers such as diisooctyl phosphite, trilauryl 
phosphite, diphenyl phosphite, phenyl diisodecyi phosphite, ethyl hexyl dif^enyiphosphite and stearyi 
phosphite may be employed. Further, the compositions can include a wide variety of other thennoplastic 
resins such as polycarbonates, polyarylaies, polyester carbonates and mixtures thereof; as well as a variety 
of impact modifers such as core-shell polymers, ethylene vinyl acetate, ethylene ethyiacryiate copolymer, 
SEBS, SBS, EPOM and EPR. Ail such obwous variations are within the full intended scope of the appended 
claims. 



1. A thermoplastic resin blend comprising: 

(a) a relatively low molecular weight polybutylene terephthaiate resin; 

(b) a relatively high molecular weight polyester resin; and 

(c) an effective melt viscosity stabilizing amount of (i) an acidic phosphate salt, (ii) an acid, alkyi, aryl 
or mixed phosphite having at least one hydrogen or alkyI group, or (iii) a Group IB or IIB metal 
phosphate salt, (iv) a phosphorous oxo acid or (v) a mixture of any of the foregoing. 

2. A thermoplastic resin blend as defined in Claim 1 wherein said component (a) has a melt viscosity of 

less than 600 poise. 

a A thermoplastic resin blend as defined in Claim 2 wherein said component (a) has a melt viscosity of 
less than about 450 poise. 

4. A thermoplastic resin blend as defined in Claim 1 wherein said component (b) has a melt viscosity of 
greater than about 600 poise. 

5. A thermoplastic resin blend as defined in Claim 1 wherein said component (b) has a melt viscosity of 
greater than about 900 poise. 

6. A thermoplastic resin blend as defined in Claim 1 wherein sad component (a) comprises a poly(1,4- 
but^ene terephthaiate) resin. 

r. A thermoplastic resin blend as defined in Claim 1 vrtierein sad component (b) comprises a po!y(1,4- 
butylene terephthaiate) resin. 

a A thermoplastic resin blend as defined in Claim 1 wherein said component (b) comprises polyethylene 
terephth^te, polycyclohexane dimethylene terephthaiate or a mixture thereof. 

9. A thermoplastic resin Mend as defined in Claim 1 wherein said acidic phosphate salt component (c)(i) is 
selected from zinc monophosphate, monosodium phosphate, sodium acid pyrophosphate and mixtures 
of any of the foregoing. 

10. A thermoplastic resin blend as defined in Claim 1 wherein said phosphite component <c)(ii) comprises a 
phosphite of the general formula 

P-(0R')3 

wherein each R' is the same or different and independently represents hydrogen, alkyI, aryl or a 
mixture of alkyI and aryl provided that at least one R' group is hydrogen or alkyl. 

11. A thermoplastic resin blend as defined in Claim 10 wherein said phosphite component (c)(ii) is selected 
from the group of diisooctyl phosphite, trilauryl phosphite, diphenyl phosphite, phenyl diisodecyi 
phosphite, ethyl hexyl diphenyl phosphite, stearyi phosphite and mixtures of any of the foregoing. 

12. A thermoplastic resin blend as defined in Claim 11 wherein said phosphite component (c){ii) comprises 

diphenylisodecyl phosphite. 
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ia A thermoplastic resin blend as defined in Claim 1 wtierein said component (c)^ii) comprises zinc 
phosphate. 

14. A thermoplastic resin blend as defined in Claim 1 wherein said phosphorous oxo acid {c){rv) comprises 
6 phosphorous acid, phosphoric add. polyphosphoric acid, hypophosphorous acid or mixtures thersof. 

15. A thermoplastic resin blend as defined in Claim 1 comprising from about 30 to about 70 parts by 
weight component (a), fi-om about 70 to about 30 parts by weight component (b), and fi-om about 0.1 to 
about 10 parts by weight component (c) based on 100 total parts by weight of components (a), (b) and 

10 (c). 

16. A thermoplastic resin blend as defined in Claim 1 further comprising (d) a thennoplastic resin selected 
from polycarbonates, polyester carbonates, polyarylates and mixtures of any of the foregcring. 

75 17. A thermoplastic resin blend as defined in Claim 16 wherein said component (d) comprises a poty- 
(bisphenol A) carbonate. 

ia A thermoplastic resin blend as defined in Claim 1 further comprising (e) a reinforcing agent comprising 
glass fibers, tafc. mica, clay or mixtures thereof, 

20 

19. A thermoplastic resin blend as defined in Claim 1 further comprising (f) a flame retardant agent. 

20. A thermoplastic resin blend as defined in Claim 1 fijrther comprising (g) an additive selected from 
impact modifiers, pigments, fillers, plasticizers, processing aids, UV stabilizers, antioxidants and 

2S mixtures of any of the foregoing. 

21. An article prepared from a composition as defined in Claim 1 . 

22. A process for stabHizir;g the melt viscosity of a thermoplastic resin blend comprising a relatively low 
30 molecular weight PBT and a relatively high molecular weight polyester, said process comprising adding 

to said blend an effective amount of a phosphorus compound comprising (i) an acidic phosphate salt, 
(ii) an acid, alkyi, aryl or mixed phosphite having at least one hydrogen or alkyi group, (ill) a Group IB 
or MB metal phosphate salt, (iv) a phosphorous oxo acid or (v) a mixture of any of the foregoing. 

3S 23. A process as defined in Claim 22 wherein said relatively low molecular weight PBT resin has a melt 
viscosity of less than about 450 poise and said relatively high nnolecular weight polyester resin has a 
melt viscosity of greater ttian about 800 poise. 

24. A process as defined in Claim 23 wherein said high molecular weight polyester resin comprises 
40 polybutylene terephthalate, polyethylene terephtiialate, polycyclohexane dimethylene terepthalate, or a 

mixture of any of fte foregoing. 

25, A process as defined In Claim 22 wherein said phosphorus compound is selected from the group 
consisting of zinc phosphate, diphenyiisodecyl phosphite, monosodium phosphate, sodium acid 

45 pyrophosphate and mixtures of any of the foregoing. 

2g. A thermoplastic resin blend as defined in Claim 25 wherein said phosphorus component comprises zinc 
phosphate. 

50 27. A themnoplastic resin blend having improved melt viscosity stability consisting essentially of 

(a) a tow molecular weight poiybu^lene terephthalate resin; 

(b) a high molecular weight polyester resin; and 

(c) an effective melt viscosity stabilizing amount of (i) an acidic phosphate salt, (ii) an acid, alkyf, aryl 
or mixed phosphite having at least one hydrogen or alkyi group, (in) a Group IB or MB metal 

55 phosphate salt, (iv) a phosphcsous oxo acid or (v) a mixture of any of the foregoing; and, optionally, 

one or more of the following components: 

(d) a ttternfopiasBc resin selected from polycarbonates, polyester carbonates, polyarylates and 
mixtures of any of the foregoing; 
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(e) a reinforcing agent; 

(f) a flame rstardant agent; and 

(g) an additive selected from impact modifiers, pigments, fiilers, colorants, plasticizers, processing 
aids, UV stabilizers, antioxidants and mixtures of any of the foregoing. 
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STABILIZED POLYCARBONATE-POLYETHERIMIDE ESTER COMPOSITIONS 



This invention related generally to polycarbonate-polyetherimide ester redn compositions, alone, or in 
ftirther combination with other resins, and more particularly to methods for stabilizing blends of high 
molecular weight therm(Viaslic polycarbonates and poiyethertmide esters against undesirable changes in 

melting point. 



BACKGROUND OF THE INVENTION 



Polyetherimide ester elastomers comprised of the reaction producte of (a) a low molecular weight diol, 
(b) a dicarboxylic add, (c) a high molecular weight poly(oxy alkylen8)diamine, and (d) a tricarboxylic acid or 
its derivative are known and are described in U.S. Patent Nos. 4,544,734 and 4,556.705 to McCready and in 
U.S. Patent No. 4.556.888 to McCready et al. These polyetherlmide esters exhibit excellent stress-strain 
properties, low tensile set, high melting temperatures and/or excellent strength/toughness characteristics as 
well as superior fiexibiBty. which properties render said polyelherimide esters espedaliy suitable for molding 
and extrusion applications. 

Blends of such polyetherimide ester resins with one or more second resins have become of significant 
commercial interest because such second rosins, carefully selected, can improve certain physical prop- 
erties of the polyetherimide ester resins. By way of illustration, such second resins cm comprise aromatic 
polycarbonate resins. 

Polycarbonate-polyetherimide ester resin compositions are disclosed in copending Patent Application 
Serial Number . it has been discovered that these compositions alone, or in combination with other 
resins, have, however, a tendency to be unstable in the molten states as evidenced by a change in melting 
point. 

It has now been discovered that two spedfic Inorganic phosphorus reagents, monosodium phosphate 
and monopotassium phosphate, alone, or in combination, are Nghiy effective to st^ih'ze such 
polycarbonate-polyetherimide ester resin compositions containing, predominantly, polycarbonate, especially 

if the polyetherimide ester is made with a titanium compound catalyst, e.g., tetra octyl titanate. Monosodium 
phosphate and monopotassium phosphate, both rather innocuous, mildly acidic reagents, are surprisingly 
effective as stabilizers for polycartx>nateiJOlyetherimide ester compositions. The stabilizers can be used in 
various manners, including prior incorporation as a conoenfrate in the polycarbonate resin, or In tiie 
polyetherimide ester resin. In addition to the high degree of reiiabiiity as stabilizers in such compositions, 
monosodium phosphate and/or monopotassium phosphate do not detrimentally affect any of the resinous 
components in the composition, e.g., the polycarbonates, orttie polyettierimide ester. 

Also difficult to melt stabilize are combinations of polycarbonates and polyettierimide ester resins witti 
third resins such as polyolefin terephthalates. Such fonnuiations are rendered reliably melt stable with 
monosodium phosphate and/or monopotassium phosphate, according to the present invention. In addition to 
the specific instances noted above, melt stabilization can also be induced in other combinations of 
polycarbonates witti polyettierimide ester and ottier resins, especially ttiose in which an active catelyst was 
used to preparo one or all of the polymers in ttie blend. 



SUMMARY OF THE INVENTION 



Accordingly to ttie present invention, ttiere are provided ttieranoplasBc compositions comprising a 
poiycartjonate and at least one polyelherimide ester resin, or in furttier combination witti at least one 
additional resin, melt stabilized with monosodium |*os|*ate and/or monopotassium phosphate. 



DESCRIPTION OF THE iNVENTION 



Any amount of the monosodium and/or monopotassium phosphate will melt stabilize a polycarbonate- 
poiyetiierimide ester resin blend. Preferably, however, from Jdxjut 0.01 parts to about 7.5 parts by weight of 
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the phosphate should be used, and most preferably, from about 0.1 parts to about 4.0 parts by weight 
should be used, based on 100 parts by weight of the total polyetherimide ester resinous component in the 
composition. Although the phosphates are, as mentioned, relatively innocuous, amounts \ssg& than about 
10.0 parts by weight should be used with caution since such laiger amounte will provide melt stability, but 
s might also deieteiiously affect the mechanical properfies of one or more of the rsslns in *e composition. 

The phosphate of the invention may be mixed with the polymers by any suitable means. Since most 
phosphates are solids, they can be most expeditiously mixed with the resin either as a precompounded 
concentrate, or directly into the melt e.g., in an extruder. 

The polyetherimide ester elastomers utilized in tiie invention contain imide groups, polyether groups. 
w and ester groups in the polymer chain. They are comprised of the reaction products of: 

(i) at least one dioi; 

(ii) at least one carboxylic acid or its ester forming reactive derivative; and 

(iii) a set of reactants selected from 

(a) (1) at least one high molecular weight poly{oxy alkylanejdlamine, and (2) at least one tricarboxylic 
IS acid or its derhrative, or 

(b) at least one high molecular weight polyoxyalkylene diimide diacid. 

Suitable diols (i) for use in the pr^aration of the polyetherimide ester polymers of the present invention 
include the saturated and unsaturated aliphatic and cycloaliphatic dihydroxy compounds as well as the 
aromatic dihydroxy compounds. These diols are preferably of a low molecular weight, i.e., having a 

20 molecular weight of about 250 or less. When used herein, the term "dio!" and "low molecular weight diol" 
should be construed to include equivalent ester forming derivatives thereof provided, however, that the 
aforementioned molecular weight requirement pertains to the diols only and not to their ester forming 
derivatives. Exemplary of ester forming derivatives of diols there may be given the acetates of the diols as 
well as, for example, ethylene oxide or ethylene carbonate for ethylene glycol. 

25 The preferred saturated and unsaturated aliphatic acid cycloaliphatic diols are those having from 2 to 
about 15 carbon atoms. Especially prefenred are 1,4'butanediol and mixtures thereof with hexanediol, 1,4- 
cyclohexane dimethanol, or butanediol, most preferably 1,4-butanediol. 

Aromatic diols suitable for use In ttie practice of ttie present invention are generally those having from 6 
to about 15 carbon atoms. 

so Especially preferred diols are the saturated aliphatic diols, inixtures thereof, and mixtures of a saturated 
diol(s) with an unsaturated dlol(s), wherein each dIoi contains from 2 to about 8 carbon atoms. Where mora 
than one diol is employed, it is generally preferred that at least about 60 mole %, based on the total diol 
content be the same diol, more preferably at least 80 mole %. As mentioned above, the preferred 
compositions are those in which 1,4-butanedioi is present In a predominant amount most preferably when 

36 1 ,4-butanediol is the only diol. 

Dicarboxylic acids (ii) which are suitable for use in the practice of the present invention are allphallo, 
cycloaliphatic and/or aromatic dicarboxylic acids. These acids are preferably of a low molecular weight i.e., 
having a molecular weight of less than about 300. However, in some ca^ higher molecular weight 
dicarboxylic acids may be used. The term "dicarboxylic acids" as used herein, includes equivalents of 

40 dicarboxylic acids having two functional carboxyl groups whidi perform substentialiy like dicarboxylic acids 
in reaction with glycols and diols in forming polyesters. These equivalents include esters and ester forming 
reactive derivatives, such as acid halides and anhydrides. The molecular weight preference mentioned 
above pertains to the acid and not to its equivalent ester or ester-fbmning derivatives. Thus, an ester of 
dicarboxylic add having a molecular weight greater than about 300 or an acid equivalent of dicarboxylic 

4s acid having a molecular weight greater than about 300 are included provided the acid has a molecular 
weight below about 300. Addltionaily, the dlcartxixyllc acids may contain any substituent group(s) or 
combinations which do not substantially interfere with the polymer formation and use of the polymer of this 
invention. 

Aliphatic dicarboxylic acids, as the term Is used herein, refer to ca-boxylic acids having two carboxyl 
50 groups each of which is attached to a saturated carbon atom. If the carbon atom to which the carboxyl 
group is attached is saturated and is in a ring, the acid is cycloaliphatic. 

Aromafic dicaitoxylic adds, as the temi is used herein, are dicarboxylic acids having two carboxyl 
groups each of which is attached to a carbon atom in an isolated or fused benzene ring system. It is not 
necessary that both functional carboxyl groups be attached to the same aromatic ring and where more tfian 
S5 one ring is present they can be joined by aliphatic or aromatic divalent radical such as -0- or -SO2-. 

Prefernsd aliphatic acids are cydohexene dicarboxylic adds, sebacic add. giutaric acid and adipic acid. 
Prefen-ed dicaitoxylic acids for the preparation of the polyetherimide esters of the present invention are 
the aromatic dicarboxylic adds, mixtures thereof and mixtures of one or more dicarboxylic acids with an 
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aliphatic and/or cycloaTiphatic dicarboxylic acid, most preferably the aromatic dicaitoxylic acids. Among the 
aromatic acids those with 8-16 carbon atoms are prefemed, particularly the benzene dicarboxylic acids. i.e., 
phthaflc. terephthalic and isophthaHc acids and their dimethyl derivatives. Especially preferred is dimethyl 

terephthalate. 

Rnaliy, where mixtures of dicarboxylic acids are employed in the practice of the present invention, it Is 
preferred at that least about 60 mole %. prefetaWy at least 80 mole %. based on 100 mole % of 
dicarboxylic acid (ii) be the same dicarboxylic acid or ester derivative thereof. 

The polyetherimide ester polymers of the present invention may be prepared by a one-pot synthesis 
involving the reaction of Ihe diol (i), the dicarboxylic acid (ii). the high molecular weight poly(oxy alkylene)- 
I diamine (iii)(a)(1), and the tricarboxylic acid or its derivative (iii)(a)(2). In such a synthesis the polyoxyal- 
kylene diimide diacid (iii)(b) is formed in-situ by the reaction of the poiy(oxy all«ylene)diamine with the 

tricarboxylic acid. 

The poly(oxy alkylene)diamines P)(a)(1) suitable for use in the present invention may be represented 
by the following general formula 
I. H2N-Q-NH2 

wherein G is the radical remaining after the removal of the amino groups of a long chain ailcyiene ether 
diamine. TTiese poiyether diprimary diamines are available commercially from Texaco Chemical Company 
under the trademark JEFFAMINE. In general they are prepared by lorawn processes for the amination of 
glycols. For example, they may be prepared by aminating the glycol in the presence of ammonia, Raney 
nickel catalyst and hydrogen as set forth in Belgium Pat No. 634.741. Alternatively, they may be prepared 
by treating glycol with ammonia and hydrogen over a Nickel-Copper-Chromium catalyst as taught by U.S. 
Patent No. 3.654.370. Other methods for the production thereof include those taught by U.S. Patent Nos. 
3,155.728 and 3.236. 895 and Ffench Nos. 1.551.605 and 1.466.708. ail of the foregoing patents being 
incorporated herein by reference. 

The tong chdn ether diamines suitable for use herein are the polymeric diamines having tenninai (or as 
nearly terminal as possible) amine groups and an average molecular weight of from about 600 to about 
12,000. preferably from about 900 to about 4.000. Additionaiiy. the long chain ether diamines will generally 
have a carbon-to-oxygen ratio of from about 1 .8 to about 4J. 

In general, the polyoxylkylene diamines useful in the practice of ttie present invention have an average 
molecular weight of from about 600 to about 12.000. preferably from about 900 to about 4.000. 

The tricartjoxylic acid OII)(aK2) may be almost any carboxylic acid anhydride confining an additional 
carboxylic group or the con-esponding acid thereof containing two imide-fdrming vicinal carboxyl groups in 
lieu of the anhydride group. Mixtures thereof are also suitable. The additional carboxylic group must be 



These tricarboxylic acid materials can be characterized by the following general formula 

fl 

II. R"OOC-R'^ 0 



wherein: 

R Is a trivalent organic radical, preferably a Ci-C2o aliphatic or cycloaiiphatic, or CS-C20 aromatic trivalent 

radical; 

R° is preferably hydrogen or a monovalent organic radical which is preferably selected from Ci-Cs aliphatic 
and/or cycloaiiphatic radicals and Cs-Cia aromatic radicals, e.g., phenyl, toiyi or benzyl; r' is most 
preferably hydrogen. 

in the preparation of the instant polyetherimide ester polymers sufficient amounts of dioi versus 
dicarboxylic acid, and tricarboxylic acid versus diamine must be present, as recognized in the art, to allow 
for substantially complete polymerization. 

This type of one-pot reaction involving the reactions of (i) a diol component, (ii) a dicarboxylic acid 
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component, (iii)(a)(1) a poly{oxy alkyiene)dianfiine component, and (iil)(a)(2) a tricarboxylic acid component 
is described in U.S. Patent No. 4,556,688 to McCready 9t a!, incorporated herein by reference. 

The amount by wliich the diamine (iii)(aX1) and the dicarboxylic acid (ii) are used is generaiiy not 
critical in forming the poiyetherimlde esters of the present Invaition. However, preferred amounts of the 
5 poly(oxy all(ylene)diamlne and dicarboxylic add used are such that the weight ratio of the theoretical 
amount of the polyoxyalkylene dilmlde diacic, fomnable from poly(oxy alkylene)diamine and the tricarboxyfic 
acid, to the dicarboxylic acid is from about 0.002 to 2.0:1, preferably from about 0.01 to 2.0:1, and mote 
preferably from about 0.25 to 2.0, and most preferably from about 0.4 to 1 .4. The actual weight ratio will be 
dependent upon the specific poiy{o>cy alky!en6)diamine and tricarbojcyiic acid used and more importantly 
10 upon the desired physical and chemical properties of the resultant poiyetherimide ester. 

The instant poiyetherimide esters may also be prepared by a two-pot synthesis involving the reaction of 
the dioi (i), the dicarboxylic acid (ii), and the polyoxyatl<yt8ne diimide diacid (iii) (b). Such a reaction is 
described in U.S. Patent No. 4,556.705 to IWcCready, incorporated herein by reference. 

The polyoxyalkylene diimide diaad (in)(b) may be represented by the general formula 

rs 



III. 




wherein G, R and R are as defined hereinafore. 

The polyoxyalkylene diimide diacids of Formula III suitable for use herein are high molecular weight 

gg diimide diacids having an average molecular weight greater than about 700, preferably greater than about 
800. They may be prepared by the imidization reaction of one or more tricarboxylic acids (iiiKa)(2) 
containing two vicinal carboxyl groups or an anhydride group and an additional carboxyl group which must 
be esterifiable with the high molecular weight poly (oxy alkyl8ne)diamine (iii){a)(1). These polyoxyalkylene 
diimide diacids and processes tor their preparation are disclosed In U.S. Patent No. 4,556,705, incorporated 

jg herein by reference. 

In this two-pot process the amount of polyoxyalkylene diimide diackJ and dicarboxylic acid utilized Is 
generally not critical In forming the poiyetherimide esters of the present invention. However, prefened 
amounts of the polyoxyalkylene diimide dtadd and dicarboxylic add are such that the weight ratio of the 
polyoxyalkylene diimide to the dicarboxylic acid is from about 0.002 to 2.01:1, preferably from about 0.01 to 

^ 2.01 :1 , more preferably from about 0.25 to 2.0:1 , and most preferably from about 0.4 to 1 .4:1 . 

It is also possible, as described in U.S. Patent No, 4,556,688, to prapolymerize Ihe aromatic dicarbox- 
ylic acid and the diol to form a prepolyester. and then react this prepolyester with either the diimide diacid 
or with the tricarboxylic and the poiy(oxy alkylene)diamine. Forming the prepolyester can be achieved by 
conventional esterificatim techniques such as those described in U.S. Patent Nos. 2,465,319 and 2,910,466, 

^ all of which are incorporated by refe.'ence. 

In Its prefen-ed embodiment, the poiyetherimide esters of the instant invention comprise the reaction 
products of dimethylterephthalale, optionally with up to 40 mole percent of another dicarboxylic acid or Its 
ester forming derivative; butaie diol, optionally with another diol such as butene dioi, hexanedioi, or 
cyclohexane dimethanoi; and either a poly(oxy alkylene)diamine having an average molecular weight of 

gg from about 600 to about 12,000, preferably from about 900 to about 4,000, and trimoiritic anhydride, or a 
polyoxyalkylene diimide diacid. 

The instant poiyetherimide esters may be prepared by conventional esterification/condensation reac- 
tions for the production of polyesters. These processes are described, inter alia, in U.S. Patents Nos. 
3,763,109; 3,651,014; 3,801,547; 4,558,705, and 4,556,688, all of which are incorporated herein by 

gg reference. 

The poiyetherimide esters of the instant invention contain at least the following two recurring structural 
uro'ts: 



EP 0 414 944 A1 



•0-C-R*- C-O-R^-) 



A is the residue of the polyoxyalkylene dlimlde diacid absent the two cartoxyl groups. I.e., 
0 0. 



-<>-«-<>- 



R< Is the residue of the die absent the two hydroxyl groups, 

FP is the residue cf the dicarboxyllc acid s^sent ihe two carboxyl groups, and 

Q Is as defined hereinafter. 

Additionally, while not prepared, it is customary and preferred to utilize a catalyst or caSalyst system in 
the process for the production of the present polyetherimide esters. These types of catalysts are set forth in 
U.S. Patent Nos. 4,556.705 and 4,566,688, both of which are incorporated herein by reference. 

Both batch and continuous methods can be used for any stage of the ether Imide ester polymer 
preparation. Polycondensation of the polyester prqsolymer with the polyoxyalkylene dlimlde diacid can also 
be accomplished in ttie solid phase by heating finely divided solid polyester prepolymer with the dlimlde 
diacid in a vacuum or in a stream of Inert gas to remove liberated tow molecular weight diol. This method 
has the advantage of reducing degradation because it must be used at temperatures below the softening 
point of the prepolymer. 

Polycartjonates suitable for use in the present invention are any of those known in the art Especially 
prefenwi polycarbonates are high molecular weight, thermoplastk), aromatte polymers and Include homo- 
polycarbonates, copolycarbonates and copolyestercarbonates and mixtures thereof which have average 
molecular weights of about 8,000 to more than 200,000, preferably of about 20,000 to 80.000 and an I.V. of 
0.30 to 1.0 dl/g as measured In methylene chloride at 25 C. In one embodiment, the polycarbonate are 
derived from dihydric phenols and carbonate precursors and generally contain recuning structure units of 
the formula; 





0 






-0-Y-O-C- 


n 



where Y Is a divalent aromatic radical remaining after removal of the hydroxy groups from the dihydric 



6 
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phenol employed in the poiycarbonate producing reaction, and n is greater than 1, preferably from about 10 
to about 400. 

Preferred polycarbonates resins are of the fonnula: 




wherein Ri and Ra are independently hydrogen, (lower) allcyl or phenyl and m is at least 30 preferably 
between 40 and 300. The term <lower) a!kyl includes liydrocarbon groups of from 1 to 6 carbon atoms. 

Suitable dihydric phenols for producing polycarbonates include, for example, 
2,2-bis(44iydroxyphenyl)propane, b!s{4-hydroxypheny!)methane, 2,2-bis(4-hydroxy-3-methylpheny!)- 
propane,4,4-bis(4-hydroxyph6nyl) heptane, 2,2-(3,5,3',5'-tetrachloro-4.4'-dihyroxyphenyl)propan0. 2,2- 
(3,5.3V-tetrabromo-4.4'-dihydroxyphenol)propane,and3,3-fllichloro-4,4'-dihydroxydiphenyl)methane. 

Other dihydric phenols which are also suitable for use in the preparation of the above polycarbonates 
are disclosed in U.S. Patent Nos. 2.999.835; 3.038.365; 3.169,121; 3.334.154; and 4,131.575, incorporated 
herein by reference. 

It is. of course, possible to employ two or more different dihydric phenols or a copolymer of a dihydric 
phenol with a glycol or witti a hydroxy or acid terminated polyester, or with a dibasic acid in the event a 
carbonate copolymer or interpolymer rattier than a homopolymer is desired for use in the preparation of the 
blends of the invention. Blends of any of the above materials can also be employed to provide the aromatic 
polycivbonate. In addition, brandied polycarbonates such as are described In U.S. Patent No. 4.001.184. 

also be utilized in the practice of this invention, as can blends of a linear polycarbonate and branched 
polycarbonate. 

The carbonate precursor employed can be either a carbonyl halide, a carbonate ester or a haloformate. 
The carbonyl hah'des which can be employed are carbonyl bromide, carbonyl chloride and mixtures thereof. 
Typical of the carbonate esters which can be employed are diphenyl carbonate; a di(iialophenyl)carbonate 
such as di(trichlorophenyl) carbonate. di(tiibromophenyi)carbonate. etc.; di(alkylphenyl) carbonate such as 
di{tolyl)carbonate, etc.; di(naphlhyl)carbonate; di(chloronaphthyl)carbonate; etc., or mixtures thereof. The 
suitable haloformates include bis-haloformates of dihydric phenols (bischloroformates of hydroqulnone, etc.) 
or glycols (bishaloformates of ethylene glycol, neopentyl glycol, polyethylene glycol, etc.). While other 
cartjonate precursors will occur to those stalled in the art carbonyl chloride, also known as phosgene, is 
preferred. 

The polycarbonate may also be a cqDolyestercarbonate as described by Clayton B. Quinn in U.S. 
Patent 4,430,484 and Kenneth Milter in U.S. Patent No. 4.485,820. and the references cited therein, 
incorporated herein by reference. Prefen-ed potyestercarbonates are those derived from the dihydric 
phenols and carbonate precursors described above and aromatic dicarboxylic acids or their reactive 
derivatives, such as the acid dihalides, e.g. dichlorides. A quite useful class of polyestercarbonates are the 
aromatic polyester carbonates derived from bisphenoi A; terephttialic acid or isophthalic acid or a mixture 
thereof or their respective acid chlorides: and phosgene. If a mixture of terephlhaiic acid and isophthalic 
acid is employed, the weight ratio of terephthdic acid to isophth^ic acid may be from about 2:8 to about 
8:2. 

The polycarbonates of the subject btends can be manufactured by known processes, such as, for 
example, by reacting a dihydric phenol with a carbonate precurscH- such as diphenyl carbonate or phosgene 
In accordance with methods set forth in the above-cited literature and U.S. Patent Nos. 4,018,750 and 
4.123.436. or by transesterification processes such as are disclosed In the U.S. Patent No. 3,153,008, as 
well as other processes known to those skilled in the art. The aromatic polycarbonates are typically 
prepared by employing a molecular weight regulator, an acid acceptor and a catalyst. The molecular weight 
regulators which can be employed include phenol, cyclohexanol. methanol, alkylated phenols, such as 
octylphenoi, paratertlary-butyl-phenol. etc. Preferably, phenol or an alkylated phenol Is employed as the 
molecular weight regulator. 

The acid acceptor can be either an organic or an inorganic acid acceptor. A suitable organic acid 
acceptor is a tertiary amine and includes such materials as pyridine, triethyianine, dimethylaniline. 
tributylamine. etc. The inorganic acid acceptor can be one which can be either a hydroxide, a carisonate. a 
bicarbonate, or a phosphate of an alkali or alkaline earth metal. 
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The catalyst which can be empfoyed are those that typically aid the polymerization of the monomer 
wth phosgene. Suitable catalysts include tertiary amines such as triethylamine, tripropylamine, N,N- 
dimethylaniline, quantsmary ammonium compounds such as, for example, tetraethylammonium bromide, 
cetyl triethyl ammonium bromide, tetra-n-heptylammonium iodide, tetrsHi-propyl ammonium bromide, 

6 tetramethyl-anmonium chloride, tetra-methyl ammonium hydroxide, tetraii-butyl ammonium iodide, benzyl- 
trimethyl ammonium chloride and quaternary phosphonium compounds such as, for example, n-butyl- 
triphenyl (riiosphonium bromide and methyltrlphenyl phosphonium bromide. 

Also included are branched polycarbonates wherein a polyfunctional aromatic compound is reacted with 
the monomer and carbonate precursor to provide a thermoplastic randomly branched polycarbonate. The 

TO polyfunctional aromatic compounds contain at least three functional groups which are carboxyl, carboxylic 
anhydride, halofomiyl, or mixtures thereof. Illustrative polyfunctional aromatic compounds which can be 
employed include trimellitic anhydride, trimellitic acid, trimellityl trichloride, 4-chloroformyl phlhalic anhy- 
dride, promellitric acid, pyromellitic dianhydride, mellitic acid, mellitic anhydride, trimesic add, ben- 
zophenonetetracarboxylic add, benzophenonetetracarboxyHc anhydride, and the like. The prefen-ed polyfun- 

15 ctlonal aromatic compounds are trimelfitic anhydride and trimellitic add or their acid haiide derivatives. 
Additionally, the polycarbonates re^n/jDolyetherlmlde ester resin blend can contain other resin components. 

ITepending upon the needs of the individual practitioner of the invention, the blends of the present 
invention can contein one or more additional resin components, as long as such additional resin compo- 
nents are compatible with the basic polycarbonate resin/polyetherimide ester resin blended mixture. It has 

20 been discovered that the stabilizers of the present invention will still be effective in such blends that contain 
additional resin components. One example of an additional resin component that is compatible with the 
original blended mixture is a poly(all(ylene terephthalate) resin. The preferred poly(alkylene terephthalate) 
resins are poly(butylene terephthalate) resin and poly(ethylene terphthalate) resin. 

The ratio of polycarbonate resin to polyetherimide ester resin is not important to ttie present invention. 

26 However, preferably the ratio of polycarbonate resin component to polyetherimide ester resin component 
ranges from about IflS to about 99:1, and most preferably from about 10flO to about 80:10. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The following examples illustrate the present invention, but are not intended to limit the scope of the 
claims in any manner whatsoever. All parts are by weight unless otherwise specified. 

All composlttons were prepared by melt blending the various componente in a Prodex single screw 
3s extruder. 

Examples 3 through 6 illustrate that the stabilizers of the present Invention are eflective when there is a 
third resin component in the polyetherimide ester/polycarbonate compositions; in the present instance, the 
third component was a poly{ethylene terephthalate). 

Table I sets forth the composition of each of the Examples 1 through 8, inclusive. Tabfe 11 sets forth the 
40 melting points for the polyetherimide ester resin component of each compositions and, where appropriate, 
the poly{ethylene terephthalate) component. 

Examples 1 , 3, 5 and 7 are outeide the scope of the present invention and are the controls. Examples 2, 
4, 6 and 8 illustrate the present invention. 



m 



8 
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TABLE I 



Example 


PEE 


PC 


PET 


SDP 


1 


1000 


4000 






2 


1000 


4000 




30 


3 


1000 


3000 


1000 




4 


1000 


3000 


1000 


30 


5 


3000 


1000 


1000 




6 


3000 


1000 


1000 


30 


7 


4000 


1000 






8 


4000 


1000 




30 


PEE is a polyetherimide este 


r resin having 


a modulus of 25,000. 






PC ts a poly(bisphenol A)car 


Donate. 




PET Is a poly(ethylene terephthalate). 




SDR Is a monosodlum phosp 


hate 




(NaH2P04). 









Example 


Melting Pt. 


Melting 




(PEE) "C. 


Pt.(PET) "C. 


1 


195 




2 


201 




3 


199 


250 


4 


202 


253 


5 


203 


247 


6 


206 


252 


7 
8 


205 
206 





The stabilizing effect of the monosodlum phosphate is demonstrated by the higher melting points of 
40 Examples 2, 4, 6 and 8 in comparison to their respective controls. 

Obviously, other modifications and variations of the present invention are possible in light of the above 
teachings. It is. therefore, to be understood that changes may be made in the particular embodiments of the 
invention described which are within the full intended scope of the invention as defined by the appended 
claims. Obviously, flame retardants. stabilizers, fillers, and pigments can be advantageously employed by 
45 those skilled in the art in the present invention using conventional mixing methods. 



Claims 

60 1 . A thermoplastic composition comprising: 

(a) at least one polycarbonate resin; 

(b) at least one polyetherimide ester resin; and 

(c) a fT38ft-stabillzlng amount of monosodlum phosphate, monopotassium phosphate or a mixture thereof. 
2. A compositior) as defined in claim 1 wherein the ratio of (a) to (b) ranges from about 1 :99 to about 99:1 . 

ss 3. A composifion as defined in claim 2 wherein the ratio of (a) to (b) ranges from about 10:90 to about 
90:10. 

4. A composition as defined in claim 1 containing from above 0.01 to daout 7.5 parts by weight of said 
phosphates per 100 parts by weight of (b). 

3 
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5. A composMon as defined in daiin 4 confining fronti dsout .1 to about 4.0 parts by weight of sdd 
phosphate per 100 parts by weight of (b). 

6. A composition as defined in ciaim 1 wherein ccmiponent (c) is monosodium phosphate. 

7. A composition as defined in claim 1 wherein said polycarbonate resin (a) is derived from a diphenol and 
phosgene or a phosgene precursor. 

8. A composition as defined in claim 6 wherein said polycarbonate rssin (a) is poiy(bisphenol A carbonate). 

9. The composition of claim 1 wherein said polyetherimide ester resin is comprised of the reaction products 

of: 

(a) at least one diol; 

(b) at least one dicarboxylic acid or an ester forming reacfive derivative thereof; and 

(c) a set of reactants selected from 

(1) {i) at least one high molecular weight po!y{oxy alkyiene)diamine, and (ii) at least one tricarboxylic acid 

or a derivative thereof; or 

(2) at least one high molecular weight polyoxyaHtyiene dilmide diacid. 

10. The composition of claim 9 wherein said diol is a low molecular weight diol. 

11. The composition of ciaim 9 wherein said doi has a molecular weight of about 250 or less. 

12. The composition of ciaim 9 wherein said diol contains from 2 to about 15 carbon atoms. 

13. The composition of claim 9 wherein said dicarboxylic acid or its derivatives is an aromatic dicarboxylic 

acid or Its derivative. 

14. The composition of claim 9 wherein (c) is (1). 

15. The composition of claim 14 wherein said high molecular weight po!y(oxy aikyi6r!e)diamine Is 
r^resented by the formula 

H2N-G-NH2 

wherein Q is the radical remaining after the removal of the amino groups of a long chain alkylene ether 
diamine. 

16. The composition of claim 14 wherein said tricarboxylic acid or its derivative is represented by the 
formula 



wherein R is a Ci to C20 trivaient aliphatic, cycioaliphatic or aromatic radical, and r' is hydrogen or a Ci- 
Cg aliphatic monovalent radical. 

17. The composition of daim 9 wherein (c) is (2). 

18. The composition of ciaim 17 wherein said high molecular weight polyoxyaikylene diimide diacid is 
represented by the formula 



0 




0 




0 



0 



wherein: 
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each R is Independently selected from C1-C20 aliphatic, cycloaliphatlc or aromatic trivalent organic radicals; 
each r' is independently selected from hydrogen, Ci-Cs aliphatic or cycloaliphatlc organic radicals, or Cs- 
C12 aromatic monovalent organic radicals; and 

G is the radical remaining after the removal of the amino groups of a long chain alicylend ether diamine. 
19. The composition of claim 1 wherein said polyetherimide ester resin is comprised of at least the 
following recurring structural units: 

0 0 

II II 



J./U 



A. 

■{ 



■ I 

H3-C-R -C-O-R - 

30 wherein: 

R is the residue of a diol absent the two hydroxyl groups; 

R' is the residue of a dicarboxylic acid absent the two carboxyl groups; 

R* is a trivalent organic radical; and 

G is the radical remaining after the removal of ^e amino groups of a long chain poly(oxy aliQ^lene) diamine. 
35 20. The composition of claim 13 wherein R is Oie residue of an aromatic dicarboxylic acid. 

21. A composition as defined in claim 1 which also Includes (b) an impact modifier resin. 

22. A composition as defined in claim 1 which also includes a flame-retardant amount of a flame retardant 

additive or a combination of such additives. 

23. The composition of claim 1 which further contains at least one additional resin component which is 
40 compatible to the polycarbonate/poiyetherimide ester resin biend. 

24. The composition of claim 23 wherein ttie one additional resin component is a poiy(alky!ene tereph- 
thalate) resin. 

25. The composition of claim 24 wherein the poly(alkylene terephthaiate) resin is poly(ethylene tereph- 

thalate).- 

4$ 26. The composition of claim 24 wherein poly(aikylene terephthaiate) resin is poly(butylene terephthaiate). 
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@ Disclosed is a shaped, thin-wailed, thermoformed, heat-set article, the composition of wtiich comprises: 

a) a crystailizable polyester having repeating units from at least 90 mol % terephthalic acid and 
units from at least 90 mol % 1,4-cyclohexanedimetttanoi, the total dicarboxyiic acid mol % and 
glycol mol % each being 100 mol %, said polyester having an inherent viscosity of 0.7-1.1, and 

b) a heat stylizing amount of an antioxidant system comprising a hindered phenol, a ttiio ester or t 
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THEHMOFORMED POLYESTER ARTICLES 



Technicai Held 

This invention relates to ttiermoformed, headset articles produced from high molecular weight polyes- 
ters containing repealir»g units from tBtephthallc add and 1.4-cyclohexffliedimethanol. The articles also 
e contain the combination of antioxidants as described herein. 



Backgrewjnd of the Invention 

10 There Is presently a need fbr ovenable food trays capable of withstanding high temperatures. IVIost 
conventional home ovens are calibrated to only ± SO* F (10 ' C), and may reach temperature during use of 
up to 450* F (232* C). it is desirable that the containers do not lose impact strength, dimenstonai stability or 
discolor, so that they may be reused. 

Nonnally, the ovenable containers are themtoformed from a polymeric material. In thermofbrming, a 

75 sheet of material is preheated to a temperature sufficient to allow the deformation thereof. The sheet is then 
made to conform to the contours of a mold by such means as vacuum assist, air pressure assist and 
matched moid assist. Thenmofonming is a desirable method of producing thin wall articles. 

Conventional materials used to produce thermoformed articles such as food trays include polymers 
such as polyethylene terephthalate. U.S. Patent No. 3,960,807 teaches a process for thermofbrming articles 

20 from a composiSon comprising a crystairizafale polyester, a crack stopping agent and a nucleating agent 
The crack stopping agent improves impact strength, and the nucleating agent provides feelm crystallization. 
Crystallizatkm is necessary to achieve high temperature stability. 

Also of interest in U.S. Patent No. 4,463,121 whk^ teaches thermofomlng thin-walled artksles from a 
composition consisting of polyethylene terephthalate, a polyolefin and optkinally, a heeft stabilizer such as a 

ss hindered phenol. This patent teaches "higher molecular weights, as measured by Increased intrinsic 
viscosities tend to display greater strerigth ihan lower molecular weight polyesters. When woricing with 
moderate and high rtiolecufar weight polyesters, higher crystallinity is used to increase tensile strength; 
however, flexurai properties then diminish and the polyester becomes stiff and brittle. For any particular use 
of polyesters, therefore, the particular composition of materials and parameters must be carefully selected". 

30 Certain phosphate salts are known stabilizers for vinyl polymers in which they act as add acceptors. 
However, it is not believed to be known in the art that they are effective antioxidants for polyesters. 

Applicants have now discovered tiiat selected phosphate salts, namely CaHPOf, NazHPO* and 
KzHPOt, provide improved titermo-oxidative stability to artkiles thermoformed from polyesters described 
herein. Af^carrts have discovered an arttele thermoformed from a high molecular weight polyester having 

95 high tensile strength, yet having the ability to retain its flexibility and impact resistance when subjected to 
high oven temperatures. In these articles, it is necessary that the polyester contain repeating units from 
particular dicarboxylic acid8(s) and a particular glycol, and have a high inherent visco^ indicating high 
molecular weight In accordance with this invention, the article contains a heat stabilizer system which will 
prevent brittieness when subjected to high oven temperatures. Furthermore, articles thermoformed from tfie 

40 polyesters in accordance wUh this invention retain their toughness even after being subjected to very low 
temperatures (-20' F) following being subjected to high oven temperatures of 450'f (232* C). Contrary to 
the teachings the art with polyethylene terephthalate, crack stopping agente or impact strength-improving 
additives are not necessary witti the present invention. 



Disctosure of the Invention 

It has now been found that certain phosphate salts, when used in combination with hindered phenols 
and thio ethers or esters provkje stability comparable to that obtained using commerdally available 
50 phosphorous compounds aich as phosphites. 

According to the present invention, there is provMed a shaped, thin-walled, thenmofonned, heat-set 
article, the composition of which comprises: 

a) a crystaliizabie polyester having repeating units from at least 85 moi % terephttialic add and repeating 
units from at least 90 mol % 1,4-cycbhexanedimettianol, the total dicarboxylic acid mol % and the total 
glycol mol % each being 100 mol %, said polyester having an inherent viscosity (I.V.) of 0.7-1.1, and 

2 
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b) a heat stabilizing amount of an antioxidant system comprising a hindered phenol, a thio ether or ester, 
and a phosphate salt. 

Preferably, the polyesters may also contain up to 15 mol % repeating units from isophthalic add. The 
polyester may also be modified with small amounts (less than 10%) of other conventional dicarboxylic acids 
and aliphatic or aiicyclic glycols. Other dicarixixylic adds which may be used include aliphatic, 
cycloaliphatic or aromatic adds having 2 to 20 carbon atoms, and aiiphafic or cydoaliphatic glycols having 
2 to 12 carbon atoms. These polyesters may be produced using conventional polyesterification procedures 
described, for example, in U.S. Patent Nos. 3,305.604 and 2.901,460 the disclosures of which are 
incorporated herein by reference. Of course, esters of the adds (e.g., dimethyl torephthalate) may be used 
in produdng the polyesters. It is also very desirable In the present invention for the I.V. of the polyester to 
be high, i.e.. In the range of 0,87-1.1. Preferably, the high i.V.'s are attuned by melt phase polymerization 
followed by conventional sdid state pdymerizadon. 

The polyesters described herein for use in produdng thermoformed artides have high meWng 
temperatures, but they tend to o)ddi» at the high temperatures which may be encountered by food frays. 
Thus, it is necessary to include a heat stabilizing amount of an antioxidant in the thermofonning 
compositions. In accordance with another aspect of this invention, a particular blend of a hindered phenol, a 
thio ether or thio ester, and a phosphate salt provide unexpected results when used as antioxidants with the 
particular polyester described herein. These materials are known, of course, as stabilizers, but the particular 
combination used by applicants is not believed to be suggested in the art. For example, U.S. Patent 
4,463,121 discloses a number of such antioxidants useful in polyethylene terephthalate. 

Hindered phenol antioxidants are also commercidly available. One suitable hindered phenol is Irganox 
1010 antioxidart. marketed by Ciba-Geigy. Its chemlcd name is t8trakis[methylene-3-(3',5'-di.teri:-butyl-4- 
hydroxyphenyl)propionate] methane. These hindered phenols have the general formula 



wherein Ri is a branched allcyl group containing 3-20 carbon atoms, Rz is H or a straight or branched alkyl 
group containing 1 to 20 carbon atoms, and X is an allcyl group or an electron donating group. 

Other hindered phenols useful in the present invention include l,3,5-tris(3,5-di-tert-butyl-4-hydroxyben- 
zyl)-5-triazine-2.4,6K1H. 3H. 5H)trione; 3.5-di-tert-butyl-4-hydroxyhydrodnnamic acid triester with 1,3,5-tris- 
(2-hydroxyethyl)-S-triaane-2.4.e-{1H. 3H. SHHrione; octadecyl 3.5-di-tert-butyl-4-hydroxyhydrocinnamate; 
thiodlethylene Ws-(3.5-dMierH3utyl-4-hydroxy)hydrocinnamate; N.N'*examethylene bis(3,5-di-tert-butyl-4- 
hydroxy-hydrocinnamamido); 1.6-hexamethylene bls(3.5<li-tert-biityl-4-hydroxyhydrodnnamate); 1.3.5- 
trimethyl-2,4,6,-tri8(3>di-terli-butyl-4-hydroxyben2yl)benzone; 2,4Hbl8(n-octyl»ilo)-6-(4-hydroxy-3.5-dHert- 
butylanilino)-1,3,5-triazlne; n-octedecyl 3.Wi-tert-butyl-4-hydroxyphenylacetate; 1 A5-fri8(4^ert-butyl-3.hy 
droxy-2,6-dimethylbenzyl)-1,3,5-triazine-2,4,&-(1H, 3H, 5H)tiione; 2,2'-methylenebls(4-8thyl-e-tert-butyj- 
phend); 2,2'-methylenebis(4-methyi-6-t8rt-biJtylphenoi); 4,4'-methyi8n©bis(2,6<li-tert-butylphenol); 4.4^- 
thidbis(6-tert-butyl-o-cresol); 3:1 condensate of 3-me&iyi-6-tert-buty!pli9nol and crotonaldehyde; 4.4'- 
butyldienebis(6-tert-butyl-m-cresol)3,5-di-tert-butyi-4-hydraxybenzy! ether; 2,2'-oxamidobis ethy!-3(3,5-di- 
tert-butyl-4-hydroxyphenyl)propionate; stearyl |S-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate; distearyl 3- 
methyl-4-hydroxy-5-tert-butylbenzyl malonate; 4,4'-propylmeth^lenebis(2-tert-butyl-5-methylphenol); 2.2'- 
propylmethylenebis(4,6-dimethylphenol); 2y-methylenebis(4.8'-di-tert-butyl5hend); 1,4-bis(3'.5 -di-tert- 
butyl-4'-hydroxybenzyiy-2,3.5,e-tetramethylben2ene; 1 .1 -bis(3'-cyclohexyM'-hydroxy|3hen^)cydphexaie; 
2.e-bis(2'-hy*oxy-3'^ert-butyl-5'-methylphenyl)-4-methyjphenol: 2.4.6-tris{(iJ-<3',5'-di-butyl-4 4>y*ox- 
yphenyl)ethyl)-1.3,5-triazine; 2,4.6-trfs(3'.5'-di-tert'butyl-4 -hydroxyben2yl)phenol. 

The useful thio ethers and thio esters indude esters of thiocfipropionic add. preferably dilauryl 
thiodipropionate and distearyl thiodipropionate. 

The useful phosphate salts include caldum phosphate (CaHPO+), sodium phosphate (NaaHPOt). and 
potassium phosphate (KzHPO*), all of wttich are commerdally available. 

Preferably, the hindered phenol is used in amounte of 0.05-2% based on the weight of the article. The 
phosphate salt is present in an amount of 0.01 to 0.20% based on the weight of the artide. Tlie 
thiodipropionate may be present in an amount of 0.05-1.0% based on the weight of the artide. These 
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antioxidants may be added to the polyester separately or as a mixture. 

The addition of nucleating agents provide faster crystallization during thermoforming and thus provide 
for fastBT molding. Conventional nucleating agente such as fine particle size inorganic or organic materials 
may be used. Suitable nudaating agents Include talc, titanium dioxide, calcium carbonate, polymers, etc. 
s Normany, nudeating agents are used In amounts varying from 0.01% to 20%, based on tire weight of the 
article. 

Other conventional addtlives such as pigments, dyes, plasticizers, various stabiKzers, etc., may be used 

Ordinary thennofbnning techrdques known to those skilled in the art may be used In producing the 
10 articles of this Invention. Generally, «ie technique consists of the fbllov^g steps: 

1. I=brming a substantially amorphous sheet from the composition. 

2. Preheatir^ the sheet until It softens and positioning it over the mold. 

3. Drawing the preheated sheet onto the heated moM surfece. 

4. Heatsetting the formed sheet by maintaining sheet contact against the heated mold for a sufficient 
IS time period to partially crystallize the sheet. 

5. Stripping the part out of the mold cavity. 

The sheeting and film for use in the thermoforming process can be made by any conventional method. 
The most common method being by extrusion through a flat die. It is important that the sheet or film be 
quenched immediately after extrusion in order to minimize the extent of crystallization developed after 
so forming. 

The term substantially amorphous as used herein shall mean a sheet having a level of crystallinity low 
enough to enable thermoforming of the sheet to be accomplished with satisfactory moM definition and part 
formaHort 

The preheating of ttie substantially amorphous sheet prior to positioning over the thermoforming mold is 
26 necessary in order to achieve the very short molding times required for a viable commercial process. The 
sheet must be heated above its Tg and below the point at which it sags excessively during positioning over 
Sie moid cavity. 

This invention can be practiced by using any of the known tiiermoforming methods including vacuum 
assist, air assist, mechanical plug assist or matched moM. The mold shouhJ be preheated to a temperature 
30 suffident to achieve the degree of crystallinity desired. Selection of optimum mold temperature is 
dependent upon type of thermoforming equipment, configuration and wall thickness of article being molded 
and ottier factors. 

Heatsetting is a term describing the process of thermally inducing partial crystairization of a polyester 
articte wHhout appretiabte orientation being prssenL In tfie practice of this invention, heatsetting is achieved 

3S by maintaining intimate contact of ttie film or sheet witti ttie heated mold surface for a sufficient time to 
ai^ieve a level of crystallinity which gives adequate physical properties to ttie finished part It has been 
found ttiat desirable levels of crystellinity shoukJ be 10 to 30 percent. 

The heat set part can be stripped out of the moki cavity by known means for removal. One mettiod, 
blowback, involves breaking ttie vacuum established between ttie moM and ttie fonned sheet by ttie 

40 introduction of compressed air. In commerdal ttienmoforming operation and part Is subsequenfly ftlmmed 
and ttie scrap ground and recycled. 

Experience witti tower I.V. (0.76 I.V.) polyettiylene terephttialate, suggests ttiat solid-slating to an I.V. of 
1.00 would produce a copolyester having a molecular weight comparat^e to a .84 I.V. poiyestylene 
terephthalate and should be significantiy tougher when exposed to the high cooking temperatures of 450* F. 

45 It has been found, unexpectedly, tiiat In addition to increa^ng ttie toughness of the copolyesters used in ttie 
present invention at 450* F, this toughness is maintained at 0*F even after the tray has been used for 
cooldng and subsequerrtiy frozen. This does no occur witti high molecula' weight polyettiylene tereph- 
thalate. Furthemiore, ttie toughness of ttie copolyesters used In ttie present Invention are maintained to 
temperatures as low as -20 * F. 

60 1Tie Idlowing examptes are submitted for a better understanding of ttiis invention. 

Stet^Bzer/hucleator concenttates are prepared udng a Brabender PlastiCorder mixsr using 58.5% 
polypropylene as a earner, 8.0% Irganox 1010 antioxidant (hindered phenol), 1.5% CaHP04 (phosphate 
salt), 12% distearyi ttiiodipropionate, and 20% titanium dtoxide as a nucleator. A pellet-to-pellet blend is 
then prepared using polyester and concenb^te. The polyester used is Polyester A which has an I.V. of 0.95, 

55 and has repeat units from 95 mol % terephthalic acid, 5 moi % isophthallc acid and 100 mol % 1,4- 
cyckrfioxanecamettianol. Extruded Aims {-25-30 mil) are then prepared from the blend using a Brabender 
extruder witti a mijdng screw. The films are cut into 3X12 inch pieces and the pieces are precrystallized at 
175*0 for 10 minutes (to avoid distortion of ttie film during oven aging). The films are placed on a rotating 
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carousel in a forced-air oven at 400 and 450* F for interv^ up to 90 minutes. The color change of the aged 
samples is measured using a Gardner Colorimeter. The relative britUeness of the samples is determined by 
flexing the samples manually through a 160 degree radius. All examples except Example 1 include 0.5% 
titanium di0)dde. Bramples 1-5 are controls. Bcample 6 is in accordance with this Invention. 
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Example 6 shows Uie CaHP04 is effecUve for stabilizing Polyester A against thermal t>real(down and 
color change after oven aging at 4S0* F (232' C). 

Whenever the temo "inherert viscosity" (I.V.) is used in this applicaBon. it will be understood to refer to 
5 viscosity determinations made at 25* C using 0.5 gram of polymer per 100 mi of a solvent composed of 60 
wt % phenol and 40 wt % tetrachloroethane. 

Gardner COM values are measured on a Gardner color difference meter using ASTM D-2244. 

Materials referred to by b-ademark are described as follows: 
Irganox 1010 antioxidant (hindered phenol) - tetralds(methylene-3K3.5<litBrtiary butyl-4^1yd^oxyphenyl) 
10 propionate methane 

Nauga-d P antioMdant -[trisCnonyiphenyl) phosphite] 
DSTDP • distearyl thiodipropionate 

The "melting point" (T„) of the polymers described in this application are readily obtained with a 
Differential Scanning Calorimeter. 
w Unless otherwise specified, ail parts, percentages, ratios, etc., are by weight. 

The invenb'on has been described in detail with particular reference to preferred embodiments thereof, 
but it will be understood that variafions and modifications can be effected within the spirit and scope of the 
invention. 

20 

Claims 

1. A shaped, thin-walled, thermofbnned, heat-set article, the composition of which is characterized as 
containing: 

as a) a crystallizable polyester having r^ating units from at least 85 mol % terephthalic acid and repeating 
units from at least 80 mol % 1 ,4-cyciohexanedimeihanol, the total dicarboxylic acid mol % and the total 
glycol mol % each being 100 mol %, said polyester having an inherent viscosity of 0.7-1.1. and 
b) a heat stabilizing amount of an antioxidant system comprising a hindered piienol, a thio ether or ester 
and a phosphate salt 

30 2. TTie article according to Claim 1 wher^n said polyester contains repeating units from 85-100 mol % 
terephthalic acid, repeating units from 15.0 mol % isophthalic acid and repeating units from substantially 

1 00 mol % 1 ,4-cyclohexanedimethanol. 

3. The article according to Claim 1 wrherein said polyester has an inherent viscosity of 0.87-1.1. 

4. The article according to Claim 1 which further comprises 0.01% to 20%, based on the total weight of the 
35 article, of a nucleating agent. 

5. The article according to (Mm 1 wherein said antioxidanl comprises 1,3,5-trimethyl-2,4,6-tris(3,5-di-t- 
butyl-4-hydroxybenzyl)ben2ene or tetrakis(methylene-3-{3,5-diterfiary butyl-4-hydroxyphenyl)propionate 
methane. 

6. The article according to Claim 1 wherein said anfioxidant comprises a hindered phenol of the general 
40 formula 



50 wherein Ri is a branched idlcyl group containing 320 carbon atoms, i^ is H or a str^ht or branched alkyi 
group containing 1 to 20 carbon atoms, and X is an alkyi group or an electron donating group. 

7. An article according to Claim 1 wherein said antioxidant comprises 

a) 1 ,3,5-trimethyl-2,4,e-tris-(3,5Kli-t-butyl-4-hydroxybenzyObenzene, 

b) calcium phosphate, sodium phosphate or potas^um pliosphate, and 
55 c) di-lauryl thiodipropionate or di-stearyl thiodipropionate. 

8. An article according to Claim 1 wherein said antioxidant conq)rises 

a) tetrakis(methylen8 3-(3,5-ditereary butyl-4-hydroxyphenyl) propionate methane, 

b) calcium phosphate, sodium phosphate or potasaum phosphate, and 
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c) dHauryl thiodipKHrfonate or cB-stearyl thkxJipropionafe. 
9. A sh^d, thin-walled, thermofortned, heat-set article, the composifion of which is characterized as 
containing: 

a) a cryslallizable polyester having repeating units from 90^ mol % tsrephthalic acid, repeating units 
from 10-1 mol % isophthalic acid and sut>8tantially 100 mol % 1,4-cycioh0xanedlmethanoi, the total 
dicarboxylic acid mol % and the total glycol mol % each t>eing 100 mol %, said polyester having an 
inherent viscosity of 0.87-1.1, 

b) 0.05-2.0%. based on the total weight of the article, of an antioxidant system which consists essentially 
of 

1) a hindered phenol selected from the group consisting of 1.3.5-trimethyl-2.4.e-tris (3.5-di-t-butyl-4- 
hydroxybenzyl)benzene or telrai<is(methylene-3-(3.&<llterfiary butyl-4-hydroxyphenyl)proplonate metii- 
ane. 

2) caldum phosphate, sodium phosphate, or potassium phosphate 

3) dllauryl tModlproplonate or distearyl thiodlproplonata. and c) 0.01% to 20%, based on the total 
weight of the article, of a nucleating agent 
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